Postoperative alignment is an important modifiable confounder that contributes to the longevity of total knee arthroplasty (TKA). Studies have shown that surgeon's handedness can affect surgical performance; however, no studies have assessed the effect of surgeon's hand or ocular dominance on TKA alignment. The purpose of this study was to evaluate the effect of surgeon's hand and ocular dominance on coronal plane alignment in TKA.
introduction
Total knee arthroplasty (TKA) is a popular procedure for endstage osteoarthritis. It is generally a successful procedure with implant survival approaching 15 years, and with the general population living longer, extended durability of the implant is necessary. One modifiable variable affecting the longevity of TKA implants is postoperative alignment. 1 Numerous studies in both the general surgical [2] [3] [4] [5] [6] and orthopedic 7 literature show that the surgeon's handedness can affect surgical performance. Of these studies, only one focused directly on TKA outcomes related to handedness; Mehta and Lotke found that when a right-handed surgeon performed a right TKA, patients had significantly better extension, Knee Society function scores and Knee Society pain scores one year after surgery than patients who had left TKAs performed by the same right-handed surgeon. 8 To date, no study has assessed the effect of a surgeon's hand or ocular dominance on TKA alignment. Therefore, the purpose of this study was to evaluate the effect of a surgeon's hand and ocular dominance on coronal plane alignment in TKA. We hypothesized that right-handed surgeons would achieve better alignment accuracy in a right TKA compared to a left TKA. We further hypothesized that right-handed surgeons with crossed hand-ocular dominance would align a left TKA more accurately than those right-handed surgeons who have uncrossed hand-ocular dominance.
methods
After institutional review board approval, a retrospective chart and radiographic review was performed to evaluate the impact of the surgeon's ocular and hand dominance on postoperative alignment in 138 patients who underwent primary bilateral TKAs. All surgeries were done between 2006-2014 at the London Health Sciences Centre (London, ON, Canada). These patients had both knees replaced by the same surgeon, received the Genesis II (Smith & Nephew, Memphis, TN) posterior-stabilized knee implant, and had standard postoperative knee radiographs available for review.
The preoperative primary diagnoses were osteoarthritis and inflammatory arthritis. Three right-hand-dominant arthroplasty surgeons, one of whom had crossed hand-ocular dominance, performed all of the knee replacements using a medial parapatellar surgical approach. The surgeons implanted all knees using a measured resection technique and aimed for a neutral mechanical axis.
To determine ocular dominance, the three surgeons performed a variant of the Porta test, 9 where each surgeon extended one arm and aligned the pointer finger of the extended hand vertically with the corner of the room, with both eyes open. The surgeons then alternated closing one eye at a time and reported which eye closure caused the least alignment change. The dominant eye was recorded as the eye that, when open, saw less or no change in the alignment of the finger with the vertical corner. Surgeons were classified into two groups based on their ocular and self-reported hand dominance: the uncrossed hand-ocular group (dominance in right eye and right hand) included two surgeons and the crossed hand-ocular dominant group (dominance in left eye and right hand) included one surgeon.
Postoperative radiographs were performed using a routine protocol within two months of the surgery. Each radiograph was then reviewed and the anatomical tibiofemoral angle (TFA) was measured using the technique originally described by Hinman, 10 with adjustments made for the loss of bony architecture post TKA.
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To determine whether total knee arthroplasty alignment is more accurate on the side of the surgeon's dominant hand, we compared right and left TFA for each patient. Accuracy was defined as how close the corrected TFA was to the goal of 5°. Patient radiographic alignment data was expressed as the mean and standard deviation for the right and left knee, and the angles obtained for each knee were compared using a paired t-test.
Paired t-test was also used to determine if the surgeon with crossed hand-ocular dominance implanted knees more accurately on the side of their nondominant hand compared to the two surgeons who were uncrossed.
A sub-analysis using paired t-test was done on 92 patients to compare Knee Society function and pain scores of their right and left knees; this information was retrieved from hospital records of the patients' most recent follow-up. 
discussion
One modifiable variable that contributes to the longevity of TKA implants is postoperative alignment. 1 The handedness and ocular dominance of a surgeon may contribute to their ability to achieve mechanical alignment. Mehta and Lotke found that, one year after surgery, patients who had a right TKA performed by a right-handed surgeon had significantly better extension and Knee Society function and pain scores than patients who had left TKA performed by the same right-handed surgeon. 8 The results of this present study, however, did not agree with these findings. We did not find a significant difference when comparing right and left Knee Society function and pain scores on patients who had sequential bilateral TKAs performed by the same right-handed surgeons. Our study had the benefit of comparing bilateral knees in the same patient, therefore controlling for patient variables that may have contributed to the difference reported by Mehta and Lotke.
To our knowledge, no previous study has investigated the effect of a surgeon's hand or ocular dominance on TKA alignment. The results of this study suggests that handedness alone affects the coronal alignment of TKAs, as the TFA on left TKAs was closer to the objective of 5° compared to right TKAs. These findings are in contrast to our hypothesis that right-handed surgeons would achieve better alignment accuracy in a right TKA. A previous randomized control study showed a correlation between accurate mechanical alignment after TKA and both functional and quality-of-life patient outcomes. Therefore, further research into the effect of handedness on TKA alignment, patient function, and quality of life is necessary to better understand how handedness may affect TKA results.
In this study, surgeons with uncrossed hand-ocular dominance could align a left TKA significantly more accurately than a right TKA. Although this difference is statistically significant, this needs to be interpreted with caution given that the surgeon with crossed hand-ocular dominance also performed left TKAs better then right TKAs. When looking at left knees alone, ocular dominance did not have any effect on accuracy. Further investigation into this topic is needed to understand the effects of hand and ocular dominance.
One reason we did not see a larger difference in the correlation of alignment to hand-ocular dominance may be that all of the surgeons in the study were experienced. A novice surgeon may not have this benefit, and it therefore would be interesting to repeat this study using novice surgeons, as well as those in training. Studies of this nature may lead to certain training improvements if we can better understand how hand and ocular dominance impacts learning in surgery. One limitation of our study is that it is a retrospective review with all right-handed surgeons. As such, the study could be improved by doing a prospective study using the same cohort of patients with left-handed surgeons of both crossed and uncrossed hand-ocular dominance. A second limitation of this study was the use of standard knee radiographs rather than weight-bearing fulllength radiographs. However, previous studies have shown that standard knee radiographs are a reliable method for measuring anatomical TFA as a proxy for mechanical axis; 10-13 the physiologic valgus offset for the anatomic axis has been demonstrated to range from 4° to 6°. Consequently, we used a TFA of 5° as a proxy for a neutrally aligned mechanical axis, 12, [14] [15] which therefore resulted in the left knees being more accurately aligned.
In summary, hand dominance has previously been demonstrated to affect surgical performance on side-specific procedures, as also demonstrated in this study. Although demonstrated to have an effect in other areas of performance, ocular dominance had not been previously examined in surgical performance. Ocular dominance did not affect TKA alignment in the coronal plane. Further research is necessary to confidently say that ocular dominance has no effect on TKA outcomes.
